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1086 The Journal of Thoracic and CardBackground: Respiratory insufficiency in children after cardiothoracic surgery de-
lays weaning from the ventilator and prolongs intensive care unit stay. There is little
consensus as to the indications for tracheostomy and its safety in this population.
Methods: We reviewed our institutional experience in 37 consecutive infants and
children (median age, 8.6 months; weight, 7.2 kg) requiring a tracheostomy after
cardiothoracic surgery between January 1998 and December 2001, with follow-up
to June 2003.
Results: Twenty-four children underwent tracheostomy after corrective (n  15) or
palliative (n  9) surgery for congenital heart disease, 8 had undergone thoracic
transplantation, and 5 had undergone thoracic surgery. Median duration of pretra-
cheostomy ventilation was 30 days, and median total duration of ventilation was 73
days. Tracheostomy was performed earlier in patients undergoing transplantation
(median of 20 days postoperatively), with a duration of ventilation of 34 days. No
patient experienced mediastinitis, and a wound infection in 1 child was the only
identified complication. Twenty-two children survived to hospital discharge, of
whom 15 have since been decannulated; 6 still have a tracheostomy in situ and 1 has
been lost to follow-up. A number of preoperative and postoperative factors were
identified in this cohort. These were preoperative respiratory insufficiency, a history
of neonatal ventilation, the need for cardiac reoperations, diaphragmatic paralysis,
tracheobronchomalacia, neurological comorbidity, and associated chromosomal ab-
normalities.
Conclusion: Tracheostomy can be performed safely and without increased risk of
complications in infants and children early after cardiothoracic surgery. The pres-
ence of identifiable factors in patients in whom weaning has been unsuccessful
should alert clinicians to early consideration of tracheostomy.
Postoperative respiratory insufficiency and the need for prolonged mechanicalventilation can influence early recovery after pediatric cardiothoracic surgery.Early extubation is safe and feasible in many patients,1-3 but in an important
minority this might not be possible. A number of factors have been shown to
contribute to delayed weaning from the ventilator. These include the underlying
diagnosis, the presence of airway and pulmonary disease, the complexity of the
operation, surgical complications, myocardial dysfunction, and residual cardiac
lesions.4-6
Prolonged nasotracheal and orotracheal intubation have known complica-
tions,7-11 and tracheostomy represents a valuable alternative if there is a need for
prolonged intubation and respiratory support.12 Tracheostomy provides a stable
airway with a reduced risk of pulmonary infection, is usually better tolerated, and
therefore can allow more rapid weaning of sedation. Tracheostomy in infants and
children has been widely reported in patients with congenital or acquired tracheal
iovascular Surgery ● October 2005
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Dabnormalities13 but not in pediatric patients early after car-
diothoracic surgery. Early tracheostomy is routinely per-
formed in many intensive care units (ICUs) in ventilated
adults after cardiac surgery.14,15 However, there is little
consensus on the indications and optimal timing of trache-
ostomy in the pediatric population.
We have reviewed the use of tracheostomy in a single
pediatric cardiothoracic unit that undertakes surgical inter-
vention for congenital heart disease, tracheal surgery, tho-
racic transplantation, and extracorporeal life support. The
aim of this review was to identify potential indications and
optimal timing and to define risks related to tracheostomy in
pediatric cardiac and thoracic surgical patients.
Methods
This is a retrospective review of all infants and children who
underwent tracheostomy after cardiac or thoracic surgery at Great
Ormond Street Hospital for Children between January 1998 and
December 2001. Patients were identified from ICU and cardiotho-
racic surgical databases. The period of review ended in May 2003.
Patient Characteristics
Patient demographics, diagnoses, any preexisting comorbidities, and
the primary (or current) cardiothoracic surgical procedure requiring
postoperative ventilation were recorded.
Ventilation
A number of variables were noted. These were mechanical venti-
lation during the neonatal period, duration of respiratory support
(oxygen or ventilator dependency) immediately before the current
cardiothoracic surgical procedure, the duration of ventilation be-
fore tracheostomy, the duration of ventilation after tracheostomy,
and the total interval between tracheostomy and decannulation (or
death). The number of attempts at extubation was noted for each
patient.
Postoperative Factors (After Primary Operation)
The presence of any of the following postoperative complicating
factors was recorded: residual cardiac lesions, the need for any
cardiothoracic reoperation (excluding tracheostomy itself), tra-
cheobronchomalacia, diaphragmatic paralysis, chylothorax, persis-
tent lobar collapse, subglottic stenosis, infection, and neurological
complications.
Tracheostomy
The indication or indications for tracheostomy, duration of venti-
lation before tracheostomy, complications of tracheostomy, dura-
tion of ventilatory support after tracheostomy, timing of decannu-
lation (failed or successful), and patient outcome (decannulation or
death or tracheostomy still in situ) were all recorded.
Statistics
Data were analyzed with a commercially available statistical soft-
ware package (SAS version 8.2). Descriptive data are expressed as
medians (ranges) or as means (standard deviations) for normally
distributed data. Group data were compared by using t tests,
The Journal of Thoracicanalysis of variance, and log-rank tests as appropriate. Categoric
data were assessed by using cross-classification tables and their
corresponding 2 or Fisher exact tests. Kaplan-Meier survival
curves were created to compare time-to-event rates.
Results
Patient Characteristics
Over a 48-month period, 37 infants and children (21 boys
and 16 girls) underwent tracheostomy. This represents 2.7%
of all cardiothoracic ICU admissions during this period. The
median age at tracheostomy was 259 days (range, 31-6022
days), and the median weight was 7.2 kg (range, 2.38-63
kg). Ten infants were aged 3 months or less at the time of
tracheostomy.
Preexisting Risk Factors
Fifteen (41%) patients were ventilated in the neonatal pe-
riod. Chromosomal abnormalities were present in 12 (32%)
of 37. One child (aged 9 years) with chromosome 22q11
microdeletion and scoliosis who underwent pulmonary ar-
tery reconstruction late after tetralogy of Fallot repair had
previously also required a tracheostomy for a period of 6
weeks at the time of his original repair. Seven patients had
significant neurodevelopmental impairment in combination
with chromosomal abnormalities (6 children) or an anteced-
ent neurological insult (1 child). One patient with mixed
mitral and aortic valve disease had an additional diagnosis
of restrictive lung disease.
Primary Operation
In this review we have used the term “primary” operation or
procedure to refer to the cardiothoracic operation necessi-
tating the period of postoperative ventilation leading to
tracheostomy. Details of primary cardiothoracic surgical
procedures are given in Table 1. The broad surgical cate-
gories were as follows: surgical intervention for congenital
heart disease (24 children), heart transplantation (6 chil-
dren), bilateral lung transplantation (1 child), heart-lung
transplantation (1 child), and thoracic surgery (5 children).
Of the patients with congenital heart disease, 15 had under-
gone biventricular repair, and 9 had undergone palliative
surgical procedures: total cavopulmonary correction (2 chil-
dren) or staged procedure toward corrective intervention (3
children) or single-ventricle palliation (4 children). The
thoracic cases consisted of 4 infants undergoing airway
operations after previous surgical relief of extrinsic vascular
compression and resection of an extensive mediastinal neu-
roblastoma in 1 child. All patients underwent midline ster-
notomy for their primary operation, and 35 of 37 required
the use of cardiopulmonary bypass.
Five patients undergoing tracheostomy required a period
of extracorporeal life support during the perioperative pe-
riod: 2 children required extracorporeal life support after
corrective cardiac surgery, 1 after heart transplantation, 1
and Cardiovascular Surgery ● Volume 130, Number 4 1087
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D before cardiac transplantation, and 1 both before and after
heart transplantation.
Pretracheostomy Ventilation
Respiratory insufficiency was present immediately before
the primary operation in 26 (70%) of 37 children, of whom
22 were already intubated and ventilated, and the remainder
were not intubated but were oxygen dependent. The median
total duration of intubation before tracheostomy (including
preoperative ventilation) was 30 days (range, 6-91 days),
TABLE 2. Reasons for prolonged ventilation
Postoperative factor No. (%)
1 Cardiac 25 (68)
2 Tracheobronchomalacia 18 (49)
3 Unilateral/bilateral DP 13 (35)
4 New CNS event 10 (27)
5 Chylothorax 3 (8)
6 Vocal cord palsy 3 (8)
7 Subglottic stenosis 1 (3)
Cardiac  TBM 4 (10)
Cardiac  DP 6 (16)
Cardiac  CNS event 3 (8)
3 or more of (1-4) 9 (24)
Postoperative factors influencing the ability of patients to be weaned
successfully from ventilation are shown. The 4 most common risk factors
were cardiac insufficiency, tracheobronchomalacia, diaphragmatic paral-
ysis, and new central nervous system events (1-4). Many patients were
affected by more than one of these factors. DP, Diaphragmatic paralysis;
TABLE 1. Primary operation, previous cardiothoracic op
problems
Primary operation No.
Asso
Transplantation 8
Mitral valve surgery 5 Aortic va
ECMO
Pulmonary artery banding 5 Coarctati
Tracheobronchial surgery 4
Pulmonary artery surgery 3 Unifocaliz
Fontan operation 2
Interrupted aortic arch repair 2 Aortopulm
Ventricular septal defect repair 2 Pulmonar
Aortic valvotomy 1
Mediastinal tumor 1
Norwood procedure 1
Fallot, primary repair 1
Arterial switch operation 1 ECMO ca
The primary operation is the operation requiring the current episode of pos
during the same procedure, important preexisting intrapulmonary patholog
are also shown. C-T, Cardiothoracic; ECMO, extracorporeal membrane oxCNS, central nervous system; TBM, tracheobronchomalacia.
1088 The Journal of Thoracic and Cardiovascular Surgery ● Octand the interval between the primary operation and trache-
ostomy was 27 days (range, 3-114 days).
Pretracheostomy Ventilatory Weaning
Ventilation could not be weaned sufficiently to allow a trial
of extubation in 15 patients. In 10 cases extubation had
failed on a single occasion, in 9 cases on 2 occasions, and in
3 cases on 3 or more occasions.
Cause of Prolonged Mechanical Ventilation:
Postoperative Factors
A number of postoperative factors influenced the ability of
the patients to be weaned from mechanical ventilation. For
most patients, the reasons for failure to wean were multi-
factorial (Table 2).
Persistent underlying cardiac insufficiency was present
in 25 children. In 11 children a residual cardiac surgical
lesion requiring reoperation was identified, and persisting
myocardial dysfunction affected 18 children in total. Four
patients had myocardial dysfunction and a residual lesion.
Tracheobronchomalacia, confirmed on bronchography, was
the next most common factor and was present in 18 (49%)
of the patients. Diaphragmatic paralysis after cardiac sur-
gery leading to failure to wean from endotracheal intubation
affected 13 (35%) infants. Paralysis was unilateral in 7
infants and bilateral in 6 infants. Neurological comorbidity
was present in 17 children: 10 had experienced new insults,
and 7 had preexisting major neurodevelopmental abnormal-
ities. Three infants had unilateral vocal cord palsy. Persis-
tent chylothorax requiring prolonged intercostal drainage
ons, associated procedures, and preexisting pulmonary
procedure/existing pulmonary problem
(no. of patients)
Previous C-T
operation
2
pair and restrictive lung disease (1),
ulation (1)
2
pair (2), hypoplastic lung (1) 1 (rebanding)
4
(1), previous tracheostomy (1) 1
2
ry window (1), subaortic membrane (1)
ery debanding (1), aortic valve repair (1) 1
tion (1)
ative intubation and ventilation. Details of additional operations performed
d whether any patients had undergone previous cardiothoracic operation
tion.erati
ciated
lve re
cann
on re
ation
ona
y art
nnula
toper
ies, anaffected 5 children.
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Of the cohort of 37 children, 21 (57%) required cardiotho-
racic reoperation (excluding the tracheostomy). Eleven re-
quired one or more intracardiac reoperations (not including
extracorporeal membrane oxygenation) for residual lesions.
Seven children required unilateral diaphragmatic plication
(before tracheostomy), 2 underwent additional tracheal op-
erations (for tracheal or bronchial stenosis), and 2 required
lobectomy for pulmonary hemorrhage (n  1) and pulmo-
nary venous infarction (n  1). One child with Noonan
syndrome and hypertrophic cardiomyopathy who under-
went cardiac transplantation in early infancy required 3
thoracic surgical procedures for treatment of persistent chy-
lothoraces (Table 3). Nine children underwent 2 or more
cardiac reoperations, thoracic reoperations, or both.
Patients Undergoing Transplantation
Tracheostomy was carried out earlier in the patients under-
going transplantation (median of 19 days [range, 11-51
days] after transplantation). Two children died after cardiac
transplantation while still undergoing tracheostomy ventila-
tion, and the remainder were decannulated before hospital
discharge. In transplantation survivors the median duration
of tracheostomy ventilation was 20 days (range, 5-47 days),
and total duration of ventilation was 35 days (range, 20-74
days). The duration of tracheostomy ventilation and the
total duration of ventilation were lower for transplant recip-
ients than for patients not undergoing transplantation (P 
.04, Mann Whitney U test).
Complications of Tracheostomy
One infant with congenital heart disease and bronchomala-
cia had a local infection at the tracheostomy site, and the
tracheostomy was exchanged for a period of nasotracheal
ventilation. After the infection had cleared, the tracheos-
tomy was revised without any further complications. There
were no other complications, including airway complica-
tions directly related to the tracheostomy, in this cohort.
Overall Outcome
At the time of completion of the period of review, 21
TABLE 3. Surgical reinterventions in patients with myoca
Cardiac problem
No. of
patients ECLS
Cardiac dysfunction 14 3
Residual cardiac lesion 7
Dysfunction  lesion 4 1
Surgical reinterventions (excluding tracheostomy) in 25 patients whose rec
lesion, or both are shown. ECLS, Extracorporeal life support. *Drainage
pleurectomy-pleurodesis (2), ligation of thoracic duct (1; same patient, sechildren were known still to be alive. Late follow-up data
The Journal of Thoracicwere not available for 1 patient, an infant from overseas
who had undergone palliative surgery for congenital heart
disease and had a diagnosis of bronchomalacia. He returned
to his country of origin, still ventilated with a tracheostomy.
Decannulation had been attempted in 16 children, and
was successful in 15. The median duration of mechanical
ventilation after tracheostomy until death or decannulation
was 27 days (range, 2-1159 days), and the median total
duration of ventilator support (before and after tracheos-
tomy) was 73 days (range, 20-1209 days). The median
duration of tracheostomy to decannulation in survivors was
49 days (range, 11-1189 days), and in nonsurvivors it was
59 days (range, 10-220 days).
Prolonged Tracheostomy Ventilation
Preoperative ventilation (before the primary procedure, Fig-
ure 1) was associated with a longer period of postoperative
pretracheostomy ventilation (43.8  21.2 days vs 24.8 
17.45 days for oxygen-dependent but nonintubated children
and 20.11  6.43 days for those self-ventilating in air, P 
.0041). Preoperative respiratory insufficiency (P  .003)
and tracheobronchomalacia (P  .026) were both associ-
ated with a longer period of tracheostomy ventilation.
At the end of the follow-up period, 6 children still had a
tracheostomy in situ, all of whom had an additional diag-
nosis of tracheobronchomalacia. In 5 of these children, 1 or
more of the following factors were also present: phrenic
nerve injury (2 children), neurodevelopmental delay (3 chil-
dren), and associated chromosomal abnormalities (2 chil-
dren). A trial of decannulation had failed in 1 child on 2
attempts, and another child underwent tracheal reconstruc-
tion but was still tracheostomy dependent at the time of
completion of this review. The median duration of tracheos-
tomy in this subgroup was 1497 days (range, 792-1735 days).
Deaths
Fifteen (40.5%) children died during the primary hospital
admission. Seven died during the initial ICU admission
while still ventilated through the tracheostomy, and 8 died
after ICU discharge (6 before and 2 after decannulation).
dysfunction, a residual cardiac surgical lesion, or both
Surgical reinterventions (no. of procedures)
iaphragm
Cardiac
reoperation Other* None
3 1 6 5
3 9
2 4 1
s were complicated by myocardial dysfunction, a residual cardiac surgical
icardial effusion (1), removal of atrial thrombus (1 patient, 2 occasions),
procedures).rdial
D
overie
of perThe causes of death were multifactorial (Table 4). In 9
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Dchildren sepsis, multiorgan dysfunction, or both were ulti-
mately responsible but on a background of persistent myo-
cardial dysfunction (5 patients) and major chromosomal
abnormalities (3 patients). Seven of the 11 children who
underwent redo cardiac surgery subsequently died, and all
children who required both diaphragm plication and 1 or
more redo cardiothoracic operations also died. Survival
time or time to event was calculated from date of tracheos-
tomy to date of decannulation or death or end of study date.
The overall survival was 60.5% at the end of the follow-up
period. Kaplan-Meier survival curves were constructed to
determine whether there was a statistical difference in sur-
vival rates for the following variables: presence of neonatal
ventilation, preoperative respiratory insufficiency, tracheo-
bronchomalacia, cardiothoracic reoperation, and transplan-
tation versus no transplantation for the duration of the study.
The log-rank test was used to assess the significance, and
the survival with time was lower in those requiring cardio-
thoracic reoperation (Figure 2), but this did not reach sta-
tistical significance (P  .16) and neither did the rest of the
above-mentioned variables.
Discussion
We have shown that tracheostomy can be safely carried out
without major complications in small infants and children
requiring prolonged ventilatory or airway support after ma-
jor cardiothoracic surgery through a midline sternotomy.
This is the first extensive review of tracheostomy in a cohort
of infants and children after cardiothoracic surgery.
1090 The Journal of Thoracic and Cardiovascular Surgery ● OctComplex cardiothoracic surgery is now possible in the
pediatric population, largely because of advances in prena-
tal diagnosis, neonatal resuscitation, intraoperative tech-
niques, and perioperative intensive care. However, a small
proportion of patients require prolonged respiratory support
after surgical intervention. As in adults, prolonged nasotra-
cheal or orotracheal intubation in children can compromise
patient comfort, feeding, and mobility. Furthermore, the
need for continued sedation and the risks of accidental
extubation, vocal cord dysfunction, subglottic stenosis, si-
nusitis, and upper and lower respiratory tract infection can
all present important morbidity to this high-risk group.
Tracheostomy with or without elimination of dead space
ventilation has several potential advantages over nasotra-
cheal and orotracheal intubation: these include reduced
work of breathing, improved pulmonary toilet, secure air-
way control, increased scope for patient mobilization, and
facilitated weaning from mechanical ventilation.15,16 In ad-
dition and of major importance in the infant and younger
child, a tracheostomy allows for the assessment of oropha-
ryngeal coordination with a view to establishing oral
feeding.
We have identified in this review a number of important
potential risk factors for prolonged ventilation, which many
of the patients share. Some of these relate to the preopera-
tive status of the child, and others are postoperative factors.
Preoperative factors included known chromosomal abnor-
malities, neurological abnormalities, preoperative respira-
Figure 1. This box plot shows the relation
between preoperative respiratory insuffi-
ciency and length of pretracheostomy
ventilation. Preoperative mechanical ven-
tilation (before the primary procedure)
was significantly associated (P  .0041)
with a longer period of postoperative pre-
tracheostomy ventilation (43.8  21.2
days) when compared with oxygen-de-
pendent but nonintubated children (24.8 
17.5 days) and those self-ventilating in air
(20.1  6.4 days).tory insufficiency, and the requirement for ventilation dur-
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Ding the neonatal period. Preoperative mechanical ventilation
and the presence of preexisting chromosomal abnormalities,
neurological abnormalities, or both are recognized risk fac-
tors for prolonged ventilation and increased length of stay in
infants and children undergoing cardiothoracic surgery.4-6
The ICU to which all of these patients were admitted has
established a policy of detailed cardiopulmonary reassess-
ment of infants and children who could not be weaned from
ventilation or in those with recurrent failure to extubate.
TABLE 4. Timing, causes of death, and presence of risk fa
hospital admission
Primary operation
Time of
death Cause of death
Reoperation
(n)
1 Tracheobronchial Early Sepsis,
cardiorespiratory
arrest
2 MV replacement Late Multiorgan failure Y
3 Arterial switch Early Multiorgan failure
4 MV/AV repair Late Respiratory
failure
5 IAA  AP
window
Late Multiorgan failure Y
6 After heart
transplantation
Early Intracranial bleed
7 Redo Fontan
procedure
Late Multiorgan failure
8 Debanding 
repair of septal
defects
Early Intracranial bleed
hydrocephalus
Y (2)
9 Repair PAVSD
MAPCAs
Late Multiorgan failure Y (2)
10 MV repair Late Multiorgan failure
11 Heart
transplantation
Early Multiorgan failure Y (3 thoracic
12 Pulmonary
valvotomy
Late Hypoxic
encephalopathy
13 MV repair Late Multiorgan failure Y
14 Aortic valvotomy Early Multiorgan failure Y (2)
15 Norwood
procedure for
HLHS
Early Multiorgan
failure, CNS
infarcts
Y (2)
Timing of death is categorized as early, meaning death during the first int
after the initial intensive care unit discharge. The presence (Y) or absence
syndromes or chromosomal diagnoses. Additional postoperative factors ar
within the reoperation category. CNS, Central nervous system; TBM,
oxygenation; AV, aortic valve; IAA, interrupted aortic arch; AP, aortopu
pulmonary atresia with ventricular septal defect; MAPCAs, major aortopulm
heart syndrome.Many of our patients underwent upper and lower airway
The Journal of Thoracicbronchoscopy, dynamic bronchography, and fluoroscopic or
ultrasonographic assessment of diaphragm function. In ad-
dition, detailed echocardiograms and, where indicated, car-
diac catheterizations were performed as part of the cardio-
vascular evaluation. In the majority of patients, more than
one of these diagnostic procedures was performed.
Reinvestigation of these patients revealed a number of
associated postoperative conditions that might have contrib-
uted to the failure to wean. The most common of these were
s in 15 infants and children who died during the primary
aphragm
lication
CNS
event Chromosome TBM
Myocardial
dysfunction Other factors
Y
Y Critical care
neuropathy,
ECMO
Y Chronic lung
disease,
ECMO
Restrictive lung
disease,
arrhythmias
Di George Sepsis, NEC
Y Hyperacute
rejection
Y Y LPA stenosis
Y Y
Y
Y Y PLE
Y Noonan
syndrome
Chylothorax
Y Chronic lung
disease,
renal failure
Y Y
Y Y NEC
Y Sickle cell
e care unit admission after the primary operation, or late, meaning death
) of each of the 6 most common risk factors is given, with details of known
listed. Extracorporeal membrane oxygenation cannulation is not included
eobronchomalacia; MV, mitral valve; ECMO, extracorporeal membrane
ary; NEC, necrotizing enterocolitis; LPA, left pulmonary artery; PAVSD,
collateral arteries; PLE, protein-losing enteropathy; HLHS, hypoplastic leftctor
Di
p
)
ensiv
(blank
e also
trach
lmon
onarypersistent myocardial dysfunction or an anatomic lesion
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phrenic nerve injury. More than half of our patients were
affected by one or more of these factors. Tracheobroncho-
malacia is a well-described phenomenon that can necessi-
tate prolonged ventilation after operations for congenital
heart disease,4,5,17-20 and this also affected a subgroup of
our patients undergoing tracheal operations. Diaphragmatic
paralysis can delay recovery in younger patients.6,21-24 De-
spite appropriate surgical reintervention, successful wean-
ing was still not possible in these infants. Furthermore, a
significant proportion of this subgroup of patients ultimately
died, perhaps suggesting the devastating, unquantifiable,
cumulative effects of these factors in high-risk individuals.
Clearly, tracheostomy should only be recommended as a
realistic option if one can demonstrate that it is safe and
does not present any additional risks to these patients.
Tracheostomy insertion was not accompanied by any pro-
cedural complications in any of our cohort, and local infec-
tion at the site of the tracheostomy only occurred in one
small infant. We were particularly encouraged to find that
there were no cases of mediastinitis in our group, 5 of whom
had recently undergone thoracic transplantation and were
receiving immunosuppressive therapy. There is no uniform
opinion on the risk of mediastinitis after tracheostomy in
adults after midline sternotomy. Some investigators have
reported an increased risk of mediastinitis25 after coronary
artery surgery, but others have refuted this,26 with some
investigators suggesting that this might be due to the in-
creasing use of percutaneous tracheostomy in the ICU.27,28
All of the infants and children in our cohort underwent open
surgical tracheostomy. Our very low complication rate
might reflect the institutional approach to the care of chil-
dren who have undergone airway operations, including tra-
1092 The Journal of Thoracic and Cardiovascular Surgery ● Octcheostomy. We have a dedicated multidisciplinary team that
includes input and education from tracheostomy nurses and
a group of physicians (surgeons, thoracic physicians, and
radiologists) who carry out regular reassessments of all of
these patients while inpatients and after hospital
discharge.29
The optimal timing of tracheostomy after translaryngeal
intubation is difficult to define in the pediatric population.
For the more homogeneous adult population, a 10- to 14-
day threshold has frequently been quoted,15 and there exist
a number of scoring systems that can be used to predict the
likely duration of ventilation.30-32 Randomized trials are not
a realistic option for infants and children, given the rela-
tively small numbers of pediatric cardiothoracic patients
who require prolonged ventilation and the huge diversity of
underlying diagnoses, indications, and complex contribu-
tory factors. A number of variables, including younger age,
longer cardiopulmonary bypass time, preoperative mechan-
ical ventilation, premature extubation, the need for reopera-
tion, phrenic nerve injury, and early sepsis have been iden-
tified by Kanter and colleagues5 and Brown and associates6
as important factors associated with prolonged mechanical
ventilation after pediatric cardiac surgery. A number of
these variables were also encountered frequently in our
patients undergoing tracheostomy, reinforcing the impor-
tance of identifying risk factors in patients who are unable
to be weaned from respiratory support.
Conclusion
Tracheostomy can be carried out safely and without major
risk in small infants and children after major cardiothoracic
surgery. We have identified a number of important preop-
Figure 2. This Kaplan-Meier curve shows
the survival for the group undergoing car-
diothoracic reoperation at the end of the
study period, which was lower (50%)
compared with that seen in those not un-
dergoing reoperation (82%), but this did
not achieve statistical significance (P 
.16).erative and postoperative factors that are associated with the
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Dneed for prolonged intubation in this cohort. We would
suggest that the presence of these variables, even after
appropriate intervention, in intubated patients in whom suc-
cessful weaning has not been possible should alert clinicians
to consider tracheostomy early in the postoperative course.
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